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OPTICAL ELEMENT AND METHOD FOR ITS MANUFACTURE AS 
WELL AS LITHOGRAPHY APPARATUS AND METHOD FOR 
MANUFACTURING A SEMICONDUCTOR DEVICE 

DESCRIPTION 

The invention relates to an optical element, in particular a mirror or 
mask, comprising a substrate and an optical multilayer system whose 
reflectance is maximized for a specified "operating wavelength", in 
particular for a specified wavelength in the EUV wavelength range. The 
invention further relates to a method for producing such optical 
elements and a method for determining a multilayer design, as well as a 
lithography apparatus and a method for manufacturing semiconductor 
devices. 

The term "operating wavelength" of an optical element refers to the 
wavelength at which the reflectance of the multilayer system is at its 
maximum. 

Optical elements comprising a substrate and a multilayer system which 
is optimised for high reflectance at a particular wavelength, e.g. 
photomasks or mirrors for the extreme ultraviolet (EUV) wavelength 
range, e.g. wavelengths between 1 1 nm and 16 nm, are in particular 
required for use in EUV lithography of semiconductor devices. 

Such optical elements can also be used as beam control elements or 
monochromatic illuminators right up into the x-ray range. In the most 
simple case, a multilayer system comprising a stack of double layers 
made of a highly absorbent and a poorly absorbent material (with 
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different complex refractive indices), simulates an ideal crystal which 
meets the Bragg condition, wherein the absorbent layers correspond to 
the reflection planes in the crystal, while the less absorbent layers 
function as spacers. For a given material, the thickness of the individual 
layers is constant across the thickness of the multilayer system. Thus, 
the thickness ratio in a double layer is also constant. Depending on the 
requirements of the mirror in relation to the reflection profile, all types of 
other multilayer systems are however also possible. For example, 
bandwidth and reflectance can be set in that the multilayer system is 
made from more than just two materials (e.g. triple layers, quadruple 
layers, etc.), or that the layer thickness or the thickness ratio of the 
layers in said multilayer system is not constant (so-called depth-graded 
multilayers). 

In the EUV spectral range, the predominant systems are 
molybdenum/silicon or molybdenum/beryllium systems. For a standard 
description of multilayer systems we refer for example to Eberhard 
Spiller, Soft X-Ray Optics, SPIE Optical Engineering Press, Bellingham, 
WA 98227, USA, ISBN 0-81 94-1 655-X, ISBN 0-8184-1654-1 (soft). EP 
1 065 532 A2 provides an example of highly reflective mirrors for the 
EUV range, wherein, in order to improve reflectance, the periodicity is 
broken through by additional layers made of other materials. 

As a first layer of the multilayer system, optical elements can comprise 
special layers on the substrate, with the function of said special layers 
consisting predominantly of providing the best possible surface finish for 
the subsequent layers (so-called buffer layer), since in particular in the 
EUV range, small areas of roughness or ripples can bring about 
deviations from the ideal layer thickness, such deviations having a 
noticeable impact on reflectance. 
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Typical EUV lithography equipment comprises eight or more mirrors. In 
order to nevertheless achieve adequate overall transmission to the 
incident radiation, the reflectance of the mirrors must be as high as 
possible, because the overall intensity is proportional to the product of 
the reflectance of individual mirrors. If at all possible, the mirrors should 
maintain this high reflectance during their entire service life. This is an 
important factor in reducing production costs of e.g. semiconductor 
components and optical components. With photomasks, too, 
contamination is a big problem, because the structures to be imaged 
are no longer in focus as a result of deposits e.g. of carbon. In this 
document, contamination refers to deposits on the originally free 
interface, e.g. carbon, and chemical reaction below the free interface, 
e.g. oxidation. Furthermore, there are irradiation and heat effects which 
negatively affect the reflectance at "operating wavelength". 

Water deposits have their origin in the water fraction contained in the 
residual gas. Carbon deposits have their origin in hydrocarbons which 
are outgassed from individual device components or from the 
photoresist with which the wafer to be exposed to light is coated. For 
example, irradiation of EUV radiation causes an accumulation of oxide 
or elemental carbon, because after the reaction under EUV irradiation 
neither the oxygen (from the oxide) nor the (elemental) carbon, can 
return to the vacuum. 

The correlation between carbon contamination of mirror surfaces and 
the emission of photoelectrons has already been investigated in H. 
Boiler et al., Nuclear Instruments and Methods 208 (1983) 273-279. It 
was found that hydrocarbons which accumulate on the mirror surface 
are broken down by secondary electrons generated near the free 
interface, and that as a result of this, the deposition of a permanent 
carbon layer on the mirror surface is facilitated. Although Boiler does 
not mention this, by analogy, oxidation can be expected in residual gas 
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with a high water content. According to Boiler, the secondary electrons 
are essentially generated independently of the irradiated wavelength, 
the structure of the irradiated surface, and the angle of incidence. 

J.H. Underwood et al., SPIE, vol 3331, pp. 52-61, show that 
photoemission, via the frequency-dependent reflection peak of 
multilayer systems experiences a minimum and a maximum, and that 
the intensity of the photoemission is proportional to the intensity of the 
electrical field of the standing wave which forms when the incident 
irradiation is reflected. From these experiments, it is concluded that a 
phase shift of id2 occurs during reflection, between the maximum and 
the minimum of the field intensity and thus the photoelectric current. 
Photoemission reacts sensitively to the contamination. Underwood et al. 
propose that the chemical and physical characteristics of the surface 
layers be examined by measuring the photoelectrons. This article does 
neither discuss the influence that the multilayer system has on the 
photocurrent characteristics, nor its influence on the contamination 
speed. 

S. Oesterreich et al. SPIE, vol. 4146, pp. 64-71, present an 
investigation of the reflectance of multilayer mirrors, in particular 
molybdenum/silicon mirrors during EUV irradiation. They note that 
matching the wavelength of the incident irradiation to the layer 
thickness (provided the uppermost layer has not oxidized and is of ideal 
thickness) leads to minimal field intensity at the mirror surface. This is 
reported to result in the contamination layer probably growing more 
slowly, thus having less influence on the reflectivity. On the other hand, 
matching of the wavelength leads to operation outside the operating 
wavelength, which in turn leads to loss of reflectance. This study does 
not discuss the relationship between photoemission / electrical field 
intensity on the one hand, and photoemission / contamination on the 
other hand. 
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EP 1 065 568 A2 proposes an EUV lithography apparatus comprising 
an illumination system for illuminating a photomask, a photomask 
holding device, a projection system for imaging the photomask onto a 
substrate, and a substrate holding device, wherein the illumination 
system and/or the projection system comprise(s) at least one multilayer 
mirror which comprises a protective layer made of inert material(s). 
Preferred materials are diamond-like carbon, boron nitride, boron 
carbide, silicon nitride, silicon carbide, boron, palladium, ruthenium 
rhodium, gold, magnesium fluoride, lithium fluoride, tetrafluoroethylene, 
as well as their compounds or alloys. These protective layers are 
particularly resistant to oxidation and are characterised by low 
absorption in the EUV range. The preferred thickness of the layers is 
between 0.5 nm and 3 nm. A protective layer can comprise individual 
sub-layers (e.g. two) so as to achieve the best possible reflectance. 
However, any other contamination of the mirror, apart from oxidation, is 
only suppressed insignificantly or is not suppressed at all. 

The situation is similar in the protective passivation layers for mirrors 
used in EUV lithography, disclosed in WO 99/24851 . A protective layer 
comprises at least two sub-layers, with an outer layer made of 
palladium, carbon, carbide, boride, nitride or an oxide; and a subjacent 
layer made of silicon or beryllium. The thickness of the sub-layers is 
optimised with a view to good reflectance. 

US 6,231 ,930 discloses protective layers against oxidation, for optical 
surfaces in lithographic applications, in particular in the EUV range. The 
surface to be protected is introduced to an atmosphere comprising a 
gas which contains carbon with functional groups with good surface 
absorption. During irradiation, the gas molecules are broken down into 
particles which form a cohesive layer, 0.5 nm to 2 nm in thickness, 
wherein said cohesive layer adheres well to the surface by way of the 
functional groups, while being unsuitable as an absorption base for the 



WO 03/032329 PCT/EP02/11078 

- 7 - 

molecules and molecule fractions that remain in the residual gas of the 
vacuum. Thus, growth of the protective layer ceases automatically. 

US 5,307,395 describes an attempt to increase the service life of a 
multilayer mirror for the soft X-ray range, in that the layer thickness, in 
particular in the uppermost thickness, is optimized so that the standing 
wave which forms, is positioned in a targeted way in relation to the layer 
boundaries. In this arrangement, a node of the standing wave is 
positioned exactly in the middle of the uppermost layer. This results in 
the absolute maximum of the field intensity, and thus the maximum of 
the absorption, being shifted to the interior of the mirror. As a 
consequence, damage such as high tension or cracks resulting from 
excessive irradiation load (approx. 2 to 4*1 0 8 W/cm 2 ) is prevented. In 
the case of EUV mirrors, in particular in lithography equipment, such 
damage occurs extremely rarely because irradiation load is less severe 
by several magnitudes (approx. 1 W/cm 2 ). 

It is the object of the present invention to provide an optical element, 
which by reducing contamination provides as long a service life as 
possible with the best possible constant reflectivity, and which can 
make a contribution to reducing the cost of lithography apparatus, and 
to reducing the production costs of semiconductor devices. 
Furthermore, it is the object of the invention to provide a method for 
manufacturing such optical elements, as well as for determining the 
multilayer design. 

This object is met by an optical element in which the layer material 
and/or the layer thickness of at least one layer of the multilayer system 
are/is selected such that the standing wave which forms during 
reflection of the irradiated "operating wavelength", forms a node of the 
electrical field strength (node condition) in the area of the free interface 
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of the multilayer system. The term node means a stationary minimum of 
the electrical field strength. 

The invention is based on the surprising recognition that by means of 
photoinduced secondary electron emission there is a correlation 
between the electrical field strength of the standing wave at the free 
interface of the optical element, said standing wave resulting depending 
on the multilayer design, and the contamination of this free interface. It 
has been confirmed by experiment that when the electrical field strength 
of the resulting standing wave at the free interface is minimal or when a 
node of the standing wave is in the area of the free interface, the 
emission of secondary electrons generated near the free interface is 
significantly reduced. 

If there is little or no photoemission, breakdown of the residual gas 
molecules (such as hydrocarbon molecules or water molecules) 
deposited in a dynamic equilibrium on the mirror surfaces from the 
residual gas is largely stopped, which otherwise could cause 
contamination of the free interface. The term vacuum refers to chamber 
pressures equal or less than 0.1 mbar. 

By matching the material and/or the thickness of at least one layer of 
the multilayer system, a surprisingly simple measure is provided for 
reducing or entirely preventing contamination, and for increasing the 
service life of optical elements, wherein an increase of the service life 
by a factor of 5 - 50 becomes possible. 

During matching to the node condition, it must be ensured that the 
reflectance characteristics of the multilayer system, which 
advantageously are first maximized in relation to the "operating 
wavelength", are not impeded. It has been shown that such matching to 
the node condition is already possible by means of one layer of the 
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multilayer system and that the reflection characteristics at the "operating 
wavelength" are only impeded slightly (to below 5 %) by matching the 
node condition. It has been shown that matching the node condition can 
take place in one or several layers, any layer(s) whatever, within the 
multilayer system. 

The position of the node in the area of the interface means that the 
node is preferably positioned exactly on the free interface. However, the 
node can be displaced by ± 20 %, preferably ± 10 %, in particular ± 5 % 
of the irradiated wavelength. The node can be positioned in front of the 
free interface or within the uppermost layer of the multilayer system. In 
a preferred irradiated wavelength of 1 1 - 16 nm, the position of the node 
can be up to 3 nm in front of, or behind, the interface of the multilayer 
system. 

Preferably, the multilayer system comprises a layer pack which is 
optimized for high reflectance (resonance section), wherein the layer 
material and/or the thickness of the layer or the layers of the resonance 
section meets/meet the node condition. 

All proven layer designs and layer materials can be used for the 
resonance section, in particular those described in EP 1 065 568 A2, 
EP 1 065 532 A2 and WO 99/24851 . Matching of the thickness of at 
least one layer of the layer system is required for setting the node 
condition. 

Matching the node condition can for example take place in that the layer 
thickness of at least a part of the layers of the resonance section 
decreases, increases or varies, as the number of layers increases. 
Furthermore, depth graded multilayers can be used. In such cases it is 
not necessary, apart from the resonance section which defines the 
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optical characteristics of the optical element, to provide further layers in 
order to carry out matching the node condition. 

According to a further embodiment, matching can also be carried out 
within the resonance section, in a layer pack selected for this purpose 
(phase transition section), wherein the layer material and/or the layer 
thickness of at least one layer of the phase transition section is/are set 
so as to meet the node condition. 

According to a further embodiment, the multilayer system can comprise 
at least one further layer system on the resonance section, wherein the 
layer material and/or the thicknesses of the layer or layers of the further 
layer system are set so as to meet the node condition. 

This further layer system can comprise at least one protective layer. In 
this case the further layer system is the so-called cap section, which 
covers the resonance section. As in conventional optical elements, the 
resonance section is only optimized with a view to the best possible 
reflectance. In contrast, the cap section is optimized with a view to the 
above-mentioned node condition, wherein however, the reflectance loss 
of the entire multilayer system has to be kept within the boundaries 
specified by the desired application of the optical element. The cap 
section can ensure gradual matching of the layer thickness to the 
above-mentioned node condition across a multitude of layers. However, 
the cap section can also make this possible within two or three layers. 

Preferably, it is not the protective layer itself which is used for matching 
the node conditions, but instead, at least one layer arranged below it, is 
used. In relation to the material used and to the thickness, this makes 
possible optimal matching of the protective layer to the conditions of the 
environment, so that the node condition need not be taken into account 
when selecting a protective layer. 
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Preferably, the protective layer comprises a material with weak 
absorption at operating wavelengths, with the half-value thickness of 
said material exceeding 50 nm. 

A protective layer which at the irradiated wavelength already shows 
reduced photoemission, thus also contributes to a reduction in 
contamination. In particular, in the case of such protective-layer 
materials, it is not absolutely necessary for the node position to be 
exactly on the free interface, so that in some circumstances the entire 
area of ± 20 % of the irradiated wavelength can be utilised, without the 
advantages according to the invention being lost. 

The protective layer can comprise a chemically inert material whose 
absorption is relatively weak, compared to the other materials. This has 
the advantage that the reflectance is not too much influenced as a 
result of this, but also that overall fewer secondary electrons are emitted 
than is the case with more absorbent materials. Preferred materials are 
ruthenium, rhodium, silicon, molybdenum, boron, carbon, zircon, 
niobium or carbides, oxides, nitrides, borides or their compounds or 
alloys. 

The additional layer system can also be provided between the cap 
section and the resonance section. In this case it is referred to as a so- 
called phase matching section, which in the simplest version comprises 
an individual layer, for example silicon or B 4 C, for example with a layer 
thickness of d (Si) or d(B 4 C) = 3 to 4 nm. It is also possible to provide 
several layers, e.g. containing B, C, N, O and/or Si for the phase 
matching section. 
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Preferably, the optical element is optimized for wavelengths between 1 1 
nm and 16 nm. The wavelengths can comprise bandwidths of 0.1 nm - 
1.0 nm. 

Furthermore, it has been shown that the optical element keeps its 
optical characteristics across an angle of incidence range of up to 
approx. ± 10° to the planar normal of the optical element. 

In order to determine the optimal design of a multilayer system, a 
process of iteration is carried out which is cycled through several times. 

First, in a modelling step, modelling calculations are carried out, taking 
into account the materials for the layers of the specified characteristics 
of the multilayer system. In this process, the target specifications are 
defined which e.g. relate to high reflectance, good chemical resistance, 
large bandwidth, large angular bandwidth, defect smoothing, good 
stress reduction or easy layer separation. When the optimal design has 
been found by way of these model calculations, in a coating step, in a 
coating apparatus, a substrate is coated according to the previously 
prepared model design. In this procedure, the respective operating 
parameters are adjusted in the coating apparatus, which operating 
parameters have been found by experience to be suitable, during 
operation of the coating apparatus, so as to achieve the desired 
characteristics. 

In a further step, the characterization step, the actual characteristics of 
the model element are determined by experiment. 

In practical experience there are always deviations between the desired 
characteristics according to the modelling step and the experimental 
results from the characterization step. This makes necessary the- 
iterative process until the desired characteristics have finally been 
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achieved with the model element. Only when all the respective 
parameters have been determined, is coating of the optical elements 
carried out in series. 

According to the invention, in Step A (modelling step) and Step B 
(coating step) the layer material and/or the layer thickness of at least 
one layer is selected such that the standing wave which forms when the 
irradiated "operating wavelength" is reflected, in the area of the free 
interface of the multilayer system comprises a node of the electrical 
field strength; while in Step C (characterization step) reflectance curve 
and the photocurrent, caused by secondary electrons emitted from the 
free interface of the multilayer system, are measured, depending on the 
irradiated photon energy. Iteration ceases when the absolute maximum 
of the reflectance curve agrees within a specified range with the 
absolute minimum of the photocurrent curve. Preferably, iteration 
ceases when by means of measuring the model element the position of 
the absolute maximum of the reflectance curve, depending on the 
irradiated wavelength, agrees with the position of the absolute minimum 
of the photocurrent curve within a quarter of the bandwidth of the 
reflectance curve. 

The method for manufacturing optical elements provides for the layer 
materials and/or layer thickness of the multilayer system to be first 
determined by means of such a design determination method, before 
coating of the optical elements is carried out in series. 

The method for manufacturing an optical element according to a further 
variant provides for an optical multilayer system to be deposited onto a 
substrate and for the layer material and/or the thickness of at least one 
layer of the multilayer system to be selected such that a standing wave 
which forms during reflection of the irradiated "operating wavelength", 
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forms a node, spaced by ± 20% of the irradiated "operating wavelength" 
from the free interface of the multilayer system. 

Preferably, the material and/or the thickness of the layer or the layers 
are/is selected such that the node is located in front of the free interface 
of the multilayer system. As a rule, during operation, the multilayer 
system is exposed to a gaseous mixture comprising e.g. hydrocarbons 
and water. This operating mode takes advantage of the fact that as a 
result of contamination, the free interface of the multilayer system quasi 
moves towards the node of the standing wave. The closer the free 
interface moves towards the node, the fewer secondary electrons are 
emitted and the slower the contamination layer grows. When the free 
interface finally reaches the node, then the contamination layer stops 
growing. 

This results in an optical element which meets the node condition; an 
element whose photo emission is low at the "operating wavelength", 
and an element which therefore produces no further contamination or 
minimal contamination, which can be removed using established 
cleaning methods. 

The lithography apparatus according to the invention provides for at 
least one optical element of the irradiation system to comprise a 
multilayer system, wherein the layer material and/or the layer thickness 
of at least one layer are/is selected such that the standing wave which 
forms when the irradiated "operating wavelength "is reflected, 
comprises a node in the area of the free interface of the multilayer 
system. 

The optical element according to the invention is particularly suitable for 
use in EUV lithography apparatus, either as a mirror or as a reflecting 
photomask. 
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The lithography apparatus according to the invention provides 
advantages in that as a result of reduced contamination and more 
constant reflectance of the optical elements, the throughput of 
semiconductor devices to be produced is increased and the service life 
of the apparatus is prolonged. 

A method for producing a semiconductor device comprises the following 
steps: 

• providing a semiconductor substrate which is at least in part coated 
with a radiation-sensitive material; 

• providing a photomask; 

• illuminating the photomask and imaging said photomask onto the 
radiation-sensitive coating of the semiconductor substrate; 

wherein for illumination and/or imaging, an optical system is used which 
comprises at least one optical element according to the invention. The 
invention significantly reduces the manufacturing costs for the 
semiconductor device, which is a mass produced article. 

Below, exemplary embodiments of the invention are described in more 
detail with reference to drawings, as follows: 

Figure 1 an optical element comprising a substrate and a multilayer 

system according to the state of the art; 

Figure 2a an intensity diagram of the electrical field of the standing 

wave across the thickness according to the state of the art; 
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Figure 2b an absorption curve across the thickness according to the 

state of the art; 



Figure 3 an optical element comprising a multilayer system 

according to the invention; 



Figure 4a 



an intensity curve of the electrical field of the standing 
wave across thickness for a multilayer system according to 
Figure 3; 



Figure 4b an absorption curve across the thickness for a multilayer 

system according to Figure 3; 



Figure 5 



a diagram of the reflectance curve and of the photocurrent 
curve depending on the photon energy for a multilayer 
system according to Figure 3; 



Figure 6 



an optical element comprising a multilayer system 
according to a further embodiment; 



Figure 7 



a diagram of the reflectance curve and the photocurrent 
curve for an optical element according to Figure 6; 



Figure 8 



an optical element comprising a multilayer system 
according to a further embodiment; 



Figure 9 the intensity of the standing wave across the thickness in 

a comparison mirror; 



Figure 10 the intensity of the standing wave across the mirror 

thickness in a mirror according to Figure 8; 
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Figure 11a an optical element with a multilayer system according to a 

further embodiment with a phase matching section; 



Figure 11b an optical element comprising a non-matched multilayer 

system; 

Figure 12 a diagram of the reflectance curve and of the photocurrent 

curve for a mirror according to Figure 11a; 

Figure 13 diagram of the reflectance curve and of the photocurrent 

curve for a mirror according to Figure 11b; 

Figures 14 and 15 

the reflectance of a mirror depending on the angle of 
incidence and the intensity of the electrical field of the 
standing wave depending on the angle of incidence at an 
operating wavelength of 13.5 nm; 

Figure 16 a multilayer system with a carbon cap layer; 



Figures 17a to 21b 

diagrams of the reflectance curves and the electrical field 
intensity of the standing wave for different protective 
carbon layer thicknesses in a multilayer system according 
to Figure 16; 



Figure 22 an optical element comprising a multilayer system 

according to a further embodiment; and 
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Figures 23a, b 

diagrams of the reflectance curves and the electrical field 
intensity of the standing wave for a protective carbon layer 
thickness in a multilayer system according to Figure 22. 

Figure 1 shows an optical element comprising a substrate 1 , a buffer 
section 2 and a resonance section 10, wherein the buffer section 2 and 
the resonance section 10 with the layers 1 1a to 1 1n constitute the 
multilayer system 3. Electromagnetic radiation 101 is directed onto the 
free interface 100. 

For example Zerodur® (Schott), Clearceram® (Ohara), fused silica, 
silicon and ULE® (Corning), can be used as substrate materials. It is not 
always possible to polish the substrate 1 to the required 0.1 nm 
microroughness. Therefore the so-called buffer section 2 is used for 
additional substrate smoothing or substrate preparation prior to the 
actual coating, i.e. prior to the application of the layers 1 1a - n of the 
resonance section 10. The buffer section 2 can also be designed as a 
separation layer for possible substrate salvage, and correspondingly 
can comprise chromium or scandium. 

Silicon or double layers comprising Mo/Si, e.g. for reducing 
transmission of the multilayer system, can be other materials for the 
buffer section. 

The resonance section 10 for example comprises periodically arranged 
Mo/Si with d(Si) = 4 nm and d(Mo) = 2.9 nm. Other materials, too, are 
possible within the framework of the layer system of the resonance 
section 1 0. This has not been taken into account in the present 
example. In conventional multilayer systems according to US 5,307,395 
(Seeley) at an irradiated wavelength of 13.8 nm, there is a calculated 
intensity curve of the electrical field strength of the standing wave, as 
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shown in Figure 2a. The zero point is at the free interface 100 of the 
uppermost layer 1 1 n of the resonance section 10. The dashed lines 
indicate the interfaces between the individual layers. In Figure 2a, the 
layer thicknesses are selected such that the extremes in intensity are 
positioned exactly in the middle of the layers shown, as has for example 
been described in US 5,307,395. At the interfaces, there are inflection 
points to the intensity curve. This results in the absorption curve shown 
in Figure 2b. The internal interfaces are again shown by a dashed line. 
The position of the absorption edges corresponds to the position of the 
internal interfaces. There is a high degree of absorption directly on the 
free interface. In conventional coatings, often the antinode, too, is 
optimized to the free interface. This results in increasing absorption and 
thus undesired increased secondary electron emission. 

In order to achieve optimization, according to the invention, of the layer 
structure in relation to the node position, the layer thickness of the Mo 
layers 1 1a - n of the resonance section 10 according to Figure 3, 
continually decreases towards the free interface layer 100, down to 2.2 
nm, while the thickness of the Si layers decreases to 3.4 nm (38 x 
Mo/Si with Si: 3.4 nm, 3.5 nm, 4.0 nm; Mo: 2.2 nm, 2.3 nm, 2.9 
nm; Si: buffer layer 4 nm; Si0 2 substrate). 

Figure 4a shows the associated electrical field strength of the standing 
wave which reaches a minimum at the free interface, i.e. at position 0. 
The thickness of the layers has been selected such that the minimum of 
the intensity is exactly at the free interface. This leads to little absorption 
in the area of the outer edge. The normal thickness of the outermost 
layers is a few nm, while the exit depth of the secondary electrons is 
around 2 nm. This is the region which is relevant in this example, the 
region being indicated by the dotted area. In a first approximation, the 
dotted area below the absorption curve is proportional to the intensity of 
the photoemission. The latter is considerably reduced relative to the 
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state of the art, e.g. to that in Figures 2a and b. Thus, under EUV 
irradiation, fewer secondary electrons are generated which can be used 
for cracking residual gas molecules from the vacuum, which are 
absorbed at the free interface. This results in reduced accumulation of 
contamination on the mirror surface. 

If the layer material and/or the layer thickness is skilfully selected, it is 
possible to reduce the minima of the field intensity as such. In 
particular, with the other effects of the layer types, this results in mirrors 
which combine a long service life and a lasting high degree of 
reflectance, as will be shown by further examples below. 

Figure 5 shows a diagram of the reflectance curve and the associated 
photocurrent curve for the example according to Figure 3. 

It is clearly shown that the reflectance curve is at its maximum at 13.3 
nm, and that the photocurrent curve, which represents a measure of the 
contamination rate of the free interface, is at its minimum in exactly the 
same position. At this wavelength, the node of the standing wave is at 
the free interface of the multilayer system. 

Figure 6 shows a further embodiment of an optical element. A phase 
transition section 12 with the layers 13a - 13c is shown within the 
resonance section 10. 

The structure of this layer system is as follows: 
Phase transition section: 1 3c: Mo 1 .5 nm 



13b: Si 



3.5 nm 



1 3a: Mo 



1.6 nm 
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Resonance section: 37 x Si 4.0 nm 

Mo 2.9 nm 



Buffer section 2: Si 4.0 nm 

Substrate 1 : Si0 2 



Figure 7 is a diagram of the reflectance curve and the photocurrent 
curve for the example shown in Figure 6. 



With this embodiment, too, the maximum of the reflectance curve 
(Rmax = 71 .8 %) is located at the position of the minimum of the 
photocurrent curve. 

Figure 8 shows a further embodiment of an optical element. A further 
layer system, namely the cap section 30, is shown on the resonance 
section 10. The cop section 30 comprises two layers 31 and 32. 

The structure of the layer system is as follows: 



Cap section: 32: C 3 nm C 2 nm 

31: Si 3.4 nm Si 2 nm 

(s. Fig. 9) (s. Fig. 1 0) 



Resonance section: 38 x Mo 2.85 nm 

Si 4.1 nm 



In Figure 9, the calculated intensity of the electrical field strength of the 
standing wave on a mirror has been plotted, with the mirror designed as 
described above, but with the thickness of the two layers 31 , 32 of the 
cap section only having been selected with a view to maximum 
reflectance. The selected layer 31 is a silicon layer with a thickness of 
3.4 nm, while the selected layer 32 is a carbon layer with a thickness of 
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3 nm. While this results in a maximum reflectance of 69 %, the value of 
the field intensity is very high at the free interface, which results in 
increased photoemission and thus increased contamination. 



However, if the thickness of the silicon layer and the carbon layer is 
selected with the proviso that the field intensity at the free interface is 
minimal (see Figure 10), then with a layer thickness of 2 nm for each of 
the layers 31 , 32 of the cap section 30, the reflectance is still 67.4 %. 
This reflectance can be further enhanced by respective optimization of 
the layers . The service life of this optical element has increased 
significantly because the minimum of the field intensity at the free 
interface 100 has been reached. 



Figure 1 1a shows a further embodiment of an optical element which 
provides for a further layer system, namely a phase matching section 
20 with layers 21, 22, between the cap section 30 and the resonance 
section 10. 



Cap section 30: layer 32 Ru d = 1 nm 

layer 31 Mo d = 1 nm 



Phase matching section 20: layer 22 Si d = 1 .9 nm 

layer 21 Mo d = 2.85 nm 



Resonance section 10: 37 x: Si d = 4.1 nm 

Mo d = 2.85 nm 



Buffer section 2: Si d = 4.0 nm 



Substrate 1 : SiO: 
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Figure 1 1b shows a comparison layer system which does not have a 
phase transition section 20 but instead, in the cap section 30 comprises 
an Mo layer with a thickness of 2 nm, and an Ru layer with a thickness 
of 1 .5 nm. 

Figures 12 and 13 show the reflectance curves and the photocurrent 
curves for the multilayer systems of Figures 11a and 11b. 

Figure 12 shows that the multilayer system is optimally matched as a 
result of the phase matching section. At a wavelength of approx. 13.45 
nm, the reflectance curve is at its maximum at a value of 65.2 %, and 
the photocurrent curve is at its minimum. 

While in Figure 13, the example of Figure 1 1b shows higher reflectance 
at 67.6 %, the photocurrent curve is however at its maximum at the 
same position as the reflectance curve; consequently there is severe 
contamination of the free interface. 

By optimizing the thickness of the layers, mirrors can be attained which 
feature constant reflectivity (compare Figure 14) and low field intensity 
(Figure 15) across a wide angle of incidence range. Such tolerances 
are in particular desirable in lithography equipment to ensure even 
illumination and stable operation. 

Figures 16 to 21b relate to a manufacturing process of optical elements, 
wherein the optical element is finished during operation at the 
"operating wavelength". The cap section comprises a carbon layer 
which is deposited when the mirror is exposed to radiation in the EUV 
range and when the ambient gas comprises hydrocarbons. The 
following table lists the structural details of the multilayer system 
according to Figure 16. 
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Structure 






C 


Layer 33 


d= 1 nm 


Ru 


Layer 32 


d= 2 nm 


Mo 


Layer 31 


d= 1 nm 


60 x (MoSi 2 /Si/MoSi 2 /Mo) 


MoSi 2 


Layer 1 1 


d= 1 nm 


Si 


Layer 1 1 


d= 3 nm 


MoSi 


Layer 1 1 


d= 1 nm 


Mo 


Layer 1 1 


d= 1 .85 nm 


1 X 






MoSi 2 


Layer 11a 


d= 1 nm 


Si 


Layer 2 


d= 3 nm 


SiQ 2 


Substrate 1 





Figures 1 7a, b show the reflectance curve and the photocurrent curve 
depending on the irradiated wavelength as well as the electrical field 
intensity distribution of the standing wave at operating wavelength for 
the example shown in Figure 16. In the area of the maximum of the 
reflectance curve, the photocurrent curve reaches very high values, due 
to the high electrical field intensity of the standing wave at the free 
interface of the multilayer system. 

Figures 1 8 to 21 b show the respective curves for C-layers with different 
thicknesses. 



Figures 18a, b: 


C-layer 


d 


= 2 nm 


Figures 19a, b: 


C-layer 


d 


= 3 nm 


Figures 20a, b: 


C-layer 


d 


= 3.5 nm 


Figures 21a, b: 


C-layer 


d 


= 4.0 nm 



It is quite clear that, as the thickness of carbon increases, the electrical 
field strength at the free interface decreases. Consequently 
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photoemission and thus also further contamination will practically 
vanish for the following reasons: 



• As the electrical field strength on the surface diminishes, fewer 
secondary electrons are generated; 



• The mass density of carbon is lower than that of ruthenium, 
consequently the photoelectron conversion efficiency will further 
diminish the rate of emission; 



• Thus, self -termination should occur between 3 and 4 nm carbon 
thickness, in other words, the carbon layer does not grow any further. 
This is due to diminished photoemission which in turn leads to a 
decrease in the breakdown of hydrocarbons and thus of contamination. 
This fairly substantial carbon thickness can be further decreased 
towards about 2 to 3 nm by further optimization of the multilayer 
system. 



Figure 22 shows the respective curves for a multilayer system which 
comprises the following layer design: 



Cap section 30: layer 32 C d = 1 nm 

layer 31 Si0 2 d=1.5nm 



Phase matching section: layer 23 Si d = 1 nm 

MoSi2 d = 1 nm 
Mo d = 1 .85 nm 



Resonance section 1 0: 60 x: MoSi 2 d = 1 nm 

Si d = 3 nm 
MoSi 2 d = 1 nm 
Mo d = 1 .85 nm 
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M0S12 d = 1 nm 

Buffer section 2: Si d = 3 nm 

Substrate 1 : Si0 2 

Figures 23a and b show the photocurrent curve and the reflectance 
curve as well as the electrical field intensity for the example of Figure 
22. The phase matching section has made it possible to achieve a 
coincidence of the maximum of the reflectance curve with the minimum 
of the photocurrent curve, even with a cap section of only 1 nm carbon. 

list of reference characters 



1 Substrate 

2 Buffer section 

3 Multilayer system 

4 Standing wave 

5 Node 

1 0 Resonance section 

1 1 a-n Layer 

1 2 Phase transition section 
1 3a-n Layer 

20 Further layer system, phase matching section 

21 a-n Layer 

30 Further layer system, cap section 

31 Layer 

32 Protective layer 

100 Free interface 

101 Incident radiation 
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CLAIMS 

1 . An optical element, in particular a mirror or mask, comprising a 
substrate (1) and an optical multilayer system (3) whose 
reflectance is maximized for a specified operating wavelength, in 
particular for a specified wavelength in the EUV wavelength 
range, characterized in that 

the layer material and/or the layer thickness of at least one layer 
(1 1) of the multilayer system (3) are/is selected such that the 
standing wave (4) which forms during reflection of the irradiated 
operating wavelength, forms a node (5) of the electrical field 
strength (node condition) in the area of the free interface (100) of 
the multilayer system (3). 

2. The optical element according to claim 1 , characterized in that 
the multilayer system (3) comprises a layer pack which is 
optimized for high reflectance (resonance section (10)), wherein 
the layer material and/or the thickness of at least one of the 
layers (11a, ... 1 1n) of the resonance section (10) meet/s the 
"node condition". 

3. The optical element according to claim 2, characterized in that 
the layer thickness of at least a part of the layers (11a, ... 1 1n) of 
the resonance section (10) decreases or increases as the 
number of layers increases. 

4. The optical element according to claim 3, characterized in that 
the layer thickness of at least a part of the layers (1 1a, ... 1 1n) of 
the resonance section (10) varies as the number of layers 
increases. 
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5. The optical element according to one of claims 1 - 4, 
characterized in that within the resonance section (10), a layer 
pack (phase transition section (12)) has been provided, wherein 
the layer material and/or the layer thickness of at least one of the 
layers (13a, ... 13n) of the phase transition section (12) are/is set 
so as to meet the "node condition". 

6. The optical element according to one of claims 1 - 5, 
characterized in that on the resonance section (10), the 
multilayer system (3) comprises at least one further layer system 
(20, 30) wherein the layer material and/or the layer thickness of 
at least one of the layers (21 , 31) of the further layer system (20, 
30) are/is set so as to meet the node condition. 

7. The optical element according to claim 6, characterized in that 
the further layer system comprises at least one protective layer 
(32) (cap section (30)). 

8. The optical element according to claim 7, characterized in that 
the protective layer (32) comprises a material with weak 
absorption at operating wavelengths, with the half-value 
thickness of said material exceeding 50 nm. 

9. The optical element according to one of claims 7 or 8, 
characterized in that the protective layer (32) comprises Ru, Rh, 
Si, Mo, Zr, Nb, B, C, N and/or O, or their alloys or compounds. 

1 0. The "optical element" according to one of claims 6 to 9, 
characterized in that the further layer system is arranged 
between the resonance section (10) and the cap section (30) 
(phase matching section). 
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11. A method for determining a design of a multilayer system of an 
optical element in which in a process of iteration, cycling through 
the following steps is undertaken at least once or several times: 

A - a modelling step in which the design is determined by 
means of model calculations, taking into account the 
materials of the layers and the specified characteristics of 
the multilayer system; 

B - a coating step in which a substrate in a coating apparatus 
is coated according to a previously prepared model design 
for the manufacture of a model element; and 

C - a characterization step in which the true properties of the 
model element are determined by means of experiments; 
and 

in which the iteration process is completed when the actual 
characteristics within a specified bandwidth agree with the specified 
characteristics, characterized in that 

in step A the layer material and/or the layer thickness of at least one 
layer are/is selected such that the standing wave which forms when the 
irradiated "operating wavelength" is reflected, in the area of the free 
interface of the multilayer system comprises a node of the electrical 
field strength, and 

in step C the reflectance curve and the photocurrent curve, which both 
depend on the irradiated photon energy, are measured and that 
iteration ceases when the absolute maximum of the reflectance curve 
agrees with the absolute minimum of the photocurrent curve within a 
specified range. 
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12. The method according to claim 1 1 , characterized in that iteration 
ceases when the position of the absolute maximum of the 
reflectance curve, depending on the irradiated photon energy, 
agrees with the position of the absolute minimum of the 
photocurrent curve within a quarter of the bandwidth (FWHM) of 
the reflectance curve. 

13. A method for manufacturing an optical element in which an 
optical multilayer system is deposited onto a substrate, 
characterized in that the layer materials and/or the thickness of 
the layers of the multilayer system were/was determined by 
means of a method according to claims 11 or 12. 

14. The method for manufacturing an optical element in which an 
optical multilayer system is deposited onto a substrate, 
characterized in that the layer materials and/or the thickness of at 
least one layer are/is selected such that a standing wave (4), 
which forms during reflection of the irradiated "operating 
wavelength", forms a node (5), spaced by ± 20 % of the 
irradiated operating wavelength from the free interface (100) of 
the multilayer system (3). 

15. The method according to claim 14, characterized in that the 
thickness and/or the material of the layers are/is selected such 
that the node (5) is situated in front of the free interface (100) of 
the multilayer system (3), and that the multilayer system (3) is 
exposed to a vacuum with residual gas molecules, such as 
hydrocarbon molecules and/or water molecules, and exposed to 
irradiation in the EUV wavelength range. 
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1 6. A lithography apparatus comprising an illumination system for the 
EUV wavelength range, comprising a holding device for a mask, 
and comprising a substrate table, wherein the illumination device 
comprises a projection device for imaging an irradiated mask 
section on a substrate, characterized in that at least one optical 
element of the irradiation system comprises a multilayer system 
(3) wherein the layer material and/or the layer thickness of at 
least one layer (1 1 , 1 3, 21 , 31 , 32) are/is selected such that the 
standing wave (4), which forms during reflection of the irradiated 
operating wavelength, forms a node (5) of the electrical field 
strength in the area of the free interface (100) of the multilayer 
system (3). 

17. The lithography apparatus according to claim 16, characterized 
in that the optical element is a mirror. 

18. The lithography apparatus according to claim 16, characterized I 
in that the optical element is a mask. 

19. A method for producing a semiconductor element, involving the 
steps of 

• providing a semiconductor substrate which is at least in part 

coated with a radiation-sensitive material; 

• providing a photomask; 

• illuminating the photomask and imaging said photomask on 

the radiation-sensitive coating of the semiconductor 
substrate; 

characterized in that 
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for illumination and/or imaging, an optical system is used which 
comprises at least one optical element according to one of claims 
1 to 10. 

20. A semiconductor device manufactured in accordance with the 
method according to claim 19. 
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Fig. 4a 




d [nm] 



Fig. 4b 




d [nm] 



WO 03/032329 PCT/EP02/11078 



5/18 




WO 03/032329 



PCT/EP02/11078 



6/18 

Fig, 7 



R = 71 .8% 




12.8 13.0 13.2 13.4 13.6 13.8 14.0 



wavelength [nm] 




WO 03/032329 



PCT/EP02/11078 



7/18 

Fig. 9 




-5 0 5 10 15 



d [nm] 



Fig. 10 



10 



CD 



O 



Ctt 



j3 CO 

o 1—1 

CD 



C 
2 nm 



Si 
2 nm 



Mo 
2.85 nm 



Si 
4.1 nm 



d [nm] 



R = 67 .4% 

Mo 
2.85 nm 




WO 03/032329 



PCT/EP02/11078 



8/18 




WO 03/032329 



PCT/EP02/11078 



9/18 



Fig, 12 
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Fig. 16 
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Fig. 17a 
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Fig. 18a 
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Fig. 22 




WO 03/032329 



PCT/EP02/11078 



18/18 



Fig. 23a 



R = 69.5% 



a> 
o 

-2 
o 
a> 

a> 




wavelength [nm] 



Fig. 23b 



§ j2 



"55 

o _ 

"is <° 
o 1 1 
o 

CD 



R = 69.5% 




INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G21K1/06 G02B1/10 



Internet >pfication No 

PCT/EP 02/11078 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 G02B G21K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

PAJ, INSPEC, EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



x 

Y 



US 3 887 261 A (SPILLER EBERHARD A) 

3 June 1975 (1975-06-03) 

column 1, 1 ine 42 - 1 ine 45; figure 1 



EP 1 065 568 A (ASM LITHOGRAPHY BV) 
3 January 2001 (2001-01-03) 

abstract; figure 2 
paragraph '0012! 
paragraph '0033! 

US 4 147 409 A (APFEL JOSEPH H) 
3 April 1979 (1979-04-03) 
column 3, line 15,16; figures 2,4 
column 3, line 36 -column 4, line 11 

-/— 



1,2,5,6, 

14,15 

3,4, 

7-10, 

16-20 

3,4, 

7-10, 

16-20 



1-5 



Further documents are listed in the continuation of box C. 



ID 



Patent family members are listed in annex. 



° Special categories of cited documents : 

•A' document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

*L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

■P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'&• document member of the same patent family 



Date of the actual completion of the international search 



13 January 2003 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patenttaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Date of mailing of the international search report 



23/01/2003 



Authorized officer 



Oestreich, S 



Form PCT/JSA/210 (second sheet) {July 1992) 



INTERNATIONAL SEARCH REPORT 


Internatl ilication No 

PCT/EP 02/11078 


C(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category ° 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


-<* 

A 


US 5 307 395 A (SEELY JOHN F ET AL) 
26 April 1994 (1994-04-26) 
abstract 


1 
i 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



Internal ideation No 



PCT/EP 02/11078 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


US 3887261 


A 


03-06-1975 


NONE 










EP 1065568 


A 


03-01-2001 


EP 
EP 

ID 

JP 
US 


1065568 
1065532 

ZUUlUbl 1U6 

2001059901 
6449086 


A2 

A2 

A 

A 

Bl 




03-01-2001 
03-01-2001 
23-02-2001 
06-03-2001 
10-09-2002 


US 4147409 


A 


03-04-1979 


NONE 










US 5307395 


A 


26-04-1994 


NONE 











Form PCT/ISA/210 (patent family annex) (Juty 1592) 



DERWENT-ACC-NO: 2003-381737 



DERWENT— ACC— NO : 2003-381737 
DERWENT— WEEK : 2 0 0 72 0 

COPYRIGHT 2010 DERWENT INFORMATION LTD 

TITLE: Mirror/mask used in lithography 

apparatus, comprises optical 
multilayer system, where layer 
material and/or layer thickness of 
multilayer system layer (s) is selected 
such that standing wave forms node of 
electrical field strength 

INVENTOR: BIJKERK F; KLEIN R ; LOUIS E ; STIETZ F ; 

WEDOWSKI M ; YAKSHIN A ; YAKSHIN A E 

PATENT- ASSIGNEE: ZEISS CARL [ZEIS] , ZEISS 

SEMICONDUCTOR MFG CARL [ZEIS] , ZEISS 
SEMICONDUCTOR MFG TECHNOLOGIES AG 
[ZEIS] , ZEISS SMT AG CARL [ZEIS] , 
LOUIS E[LOUII] , YAKSHIN A [YAKS I] 

PRIORITY-DATA: 2001DE-1050874 (October 4, 2001) 
PATENT-FAMILY : 



PUB 


-NO 


PUB-DATE 






LANGUAGE 


WO 


03032329 Al 


April 17, 


2 


003 


EN 


DE 


10150874 Al 


April 30, 


2 


003 


DE 


EP 


1438725 Al 


July 21, 


20 


04 


EN 


AU 


2002340966 Al 


April 22, 


2 


003 


EN 


US 


20040253426 Al 


December 


16 


, 2004 


EN 


JP 


2005505930 W 


February 


24 


, 2005 


JA 


CN 


1565035 A 


January 12, 


2005 


ZH 


US 


7172788 B2 


February 


6, 


2007 


EN 


CN 


1284978 C 


November 


15 


, 2006 


ZH 



fflei///CI/Documents%20and%20 (1 of 7)8/12/2010 4:02:1 1 PM 



DERWENT-ACC-NO: 2003-381737 



DE S I GNATED— S TATE S : 



AE 


AG 


AL 


AM 


AT 


AU 


AZ 


BA 


BB 


BG 


BR 


BY 


BZ 


CA 


CH 


CN 


CO 


CR 


CU 


CZ 


DK 


DM 


DZ 


EC 


EE 


ES 


FI 


GB 


GD 


GE 


GH 


GM 


HR 


HU 


ID 


IL 


IN 


IS 


JP 


KE 


KG 


KP 


KR 


KZ 


LC 


LK 


LR 


LS 


LT 


LU 


LV 


MA 


MD 


MG 


MK 


MN 


MW 


MX 


MZ 


NO 


NZ 


OM 


PH 


PL 


PT 


RO 


RU 


SD 


SE 


SG 


S I 




SK 


SL 


TJ 


TM 


TN 


TR 


TT 


TZ 


UA 


UG 


US 


UZ 


VC 


VN 


YU 


ZA 


ZM 


ZW 


AT 


BE 


BG 


CH 


CY 


CZ 


DE 


DK 


EA 


EE 


ES 


FI 


FR 


GB 


GH 


GM 


GR 


IE 


IT 


KE 


LS 


LU 

J— 1 w 


MC 


MW 


MZ 


NL 


OA 


PT 


SD 


SE 


SK 


SL 


SZ 


TR 


TZ 


UG 


ZM 


ZW 


AL 


AT 


BE 


BG 


CH 


CY 


CZ 


DE 


DK 


EE 


ES 


FI 


FR 


GB 


GR 


IE 


IT 


LI 


LT 


LU 


LV 


MC 


MK 


NL 


PT 


RO 


SE 


SI 


S K TR 





















APPLICATION-DATA : 



PUB-NO 


APPL-DESCRIPTOR 


APPL-NO 


APPL-DA 


WO2003032329A1 


N/A 


2002WO- 


October 






EP11078 


2, 2002 


DE 10150874A1 


N/A 


2001DE- 


October 






1050874 


4, 2001 


AU2002340966A1 


N/A 


2 0 02AU- 


October 






340966 


2, 2002 


CN 1565035A 


N/A 


2002CN- 


October 






819611 


2, 2002 


CN 1284978C 


N/A 


2002CN- 


October 






819611 


2, 2002 


EP 1438725A1 


N/A 


2002EP- 


October 






774683 


2, 2002 


EP 1438725A1 


N/A 


2002WO- 


October 






EP11078 


2, 2002 


US20040253426A1 


N/A 


2002WO- 


October 






EP11078 


2, 2002 


JP2005505930W 


N/A 


2002WO- 


October 






EP11078 


2, 2002 



file:///CI/Documents%20and%20Settings/swhitesell/My%...81_2010-0842_WO_0 (2 of 7)8/12/2010 4:02:1 1 PM 



DERWENT-ACC-NO: 2003-381737 



US 7172788B2 


N/A 


2002WO- 


October 






EP11078 


2, 2002 


JP2005505930W 


N/A 


2003JP- 


October 






535204 


2, 2002 


US20040253426A1 


N/A 


2004US- 


April 2, 






491764 


2004 


US 7172788B2 


Based on 


2004US- 


April 2, 






491764 


2004 



INT-CL-CURRENT : 






TYPE 


IPC DATE 




CIPP 


B05D5/06 


20060101 


CIPP 


G02B1/10 


20060101 


CIPS 


B32B7/02 


20060101 


CIPS 


G02B5/08 


20060101 


CIPS 


G03F1/16 


20060101 


CIPS 


G03F7/20 


20060101 


CIPS 


G03F9/00 


20060101 


CIPS 


G21K1/06 


20060101 


CIPS 


G21K5/02 


20060101 


CIPS 


H01L21/027 20060101 



ABSTRACTED-PUB-NO: WO 03032329 Al 



BASIC-ABSTRACT : 

NOVELTY - A mirror /mask comprises a substrate and an 
optical multilayer system, where the layer material and/ 
or the layer thickness of a layer (s) of the multilayer 
system is selected such that the standing wave, which 
forms during reflection of the irradiated operating 
wavelength, forms a node of the electrical field 
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strength in the area of the free interface of the 
multilayer system. 



DESCRIPTION - A mirror/mask comprises a substrate and 
an optical multilayer system whose reflectance is 
maximized for a specified operating wavelength, in 
particular for a specified wavelength in the extreme 
ultraviolet (EUV) wavelength range, where the layer 
material and/or the layer thickness of a layer (s) of 
the multilayer system is selected such that the 
standing wave which forms during reflection of the 
irradiated operating wavelength, forms a node of the 
electrical field strength in the area of the free 
interface of the multilayer system. INDEPENDENT CLAIMS 
are also included for: 



(a) a method of determining a design of a multilayer 
system of the mirror/mask, in which in a process of 
iteration, cycling through following steps is 
undertaken at least once: (A) a modeling step in which 
the design is determined by model calculations, taking 
into account the materials of the layers and the 
specified characteristics of the multilayer system; (B) 
a coating step in which a substrate in a coating 
apparatus is coated according to a previously prepared 
model design for the manufacture of a model; and (C) a 
characterization step in which the true properties of 
the model are determined by experiments; and where the 
iteration process is completed when the actual 
characteristics within a specified bandwidth agree with 
the specified characteristics, attributed in that in 
step A, the layer material and/or the layer thickness 
of layer (s) is selected such that the standing wave 
comprises a node of the electrical field strength; and 
step C, the reflectance curve and the photocurrent 
curve, which both depend on the irradiated photon 
energy, are measured and that iteration ceases when the 
absolute maximum of the reflectance curve agrees with 
the absolute minimum of the photocurrent curve within a 
specified range; 
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(b) a method of manufacturing the mirror/mask by 
depositing an optical multilayer system unto a 
substrate ; 

(c) a lithography apparatus comprising an illumination 
system for the EUV wavelength range, comprising a 
holding device for a mask, and comprising a substrate 
table, where the illumination device comprises a 
projection device for imaging an irradiated mask 
section on a substrate, attributed in that mirror (s)/ 
mask(s) of the irradiation system comprises a 
multilayer system; and 

(d) a method for producing a semiconductor device, 
involving providing a semiconductor substrate which is 
at least in part coated with a radiation-sensitive 
material; providing a photomask; illuminating the 
photomask and imaging the photomask on the radiation- 
sensitive coating of the semiconductor substrate, 
attributed in that for illumination and/or imaging, an 
optical system is used which comprises mirror ( s ) /mask 
(s) . 

USE - Invention is used in EUV lithography apparatus 
(claimed) and also used as beam controllers or 
monochromatic illuminators right up into the x-ray 
range . 

ADVANTAGE - The invention provides as long a service 
life as possible with the best possible constant 
reflectivity, and which can make a contribution to 
reducing the cost of lithography apparatus, and to 
reducing the production costs of semiconductor devices. 
Thus, the throughput of the semiconductor devices to be 
produced is increased and the service life of the 
apparatus is prolonged . 

DESCRIPTION OF DRAWING (S) - The figure is an intensity 
curve of the electrical field of the standing wave 
across thickness for a multilayer system of the 
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inventive mirror /mask . 
EQUIVALENT— ABSTRACTS : 

ELECTRONICS 

Preferred Component: The multilayer system comprises a 
layer pack, which is optimized for high reflectance, 
where the layer material and/or the thickness of the 
layer (s) of the resonance section meets the node 
condition. The layer system comprises a protective layer 
(s) comprising a material with weak absorption at 
operating wavelengths, with the half-value thickness of 
the material exceeding 50 nm. The formed node is spaced 
by +/-20% of the irradiated operating wavelength from 
the free interface of the multilayer system. Preferred 
Method: The iteration ceases when the position of the 
absolute maximum of the reflectance curve, depending on 
the irradiated photon energy, agrees with the position 
of the absolute minimum of the photocurrent curve 
within a quarter of the bandwidth of the reflectance 
curve. The thickness and/or the material of the layers 
are selected such that the node is situated in front of 
the free interface of the multilayer system; and that 
the multilayer system is exposed to a vacuum with 
residual gas molecules, such as hydrocarbon molecules 
and/or water molecules, and exposed to irradiation in 
the EUV wavelength range. 

INORGANIC CHEMISTRY 

Preferred Component: The protective layer comprises 
rubidium, rhodium, silicon, molybdenum, zirconium, 
niobium, boron, carbon, nitrogen and/or oxygen, or 
their alloys or compounds . 

CHOSEN-DRAWING : D wg . 4 a / 2 3 
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